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ABSTRACT
The objectives of this study were to explore changes 
of rumination time and reticuloruminal pH and tem-
perature of dairy cows and heifers (means ± standard 
deviation; age = 5.8 ± 1.9; parity = 2.7 ± 1.4; body 
condition score = 3.2 ± 0.2) with eutocic (EUT, n = 
10) and dystocic calving (DYS, n = 8). The recording 
period lasted from 3 d before calving until 7 d in milk. 
For the comparison of rumination time and reticuloru-
minal characteristics between groups, time to return 
to baseline (the time interval required to return to 
baseline from the delivery of the calf) and area under 
the curve (AUC; both for prepartum and postpartum 
periods) were calculated for each parameter. Rumina-
tion time decreased from baseline 28 h before calving 
both for EUT and DYS cows; after 20 h before calving, 
it decreased to 32.4 ± 2.3 and 13.2 ± 2.0 min/4 h 
between 8 and 4 h before delivery in EUT and DYS 
cows, respectively, and then it decreased below 10 and 
5 min during the last 4 h before calving. Until 12 h 
after delivery, rumination time reached 42.6 ± 2.7 and 
51.0 ± 3.1 min/4 h in DYS and EUT dams, respec-
tively; however, AUC and time to return to baseline 
suggested lower rumination activity in DYS cows than 
in EUT dams for the 168-h postpartum observational 
period. Reticuloruminal pH decreased from baseline 
56 h before calving both for EUT and DYS cows, but 
did not differ between groups before delivery. Reticu-
loruminal pH showed a decreasing tendency and clear 
diurnal variation after calving for both EUT and DYS 
cows, with slightly higher AUC values in DYS cows. 
In DYS cows, reticuloruminal temperature decreased 
from baseline 32 h before calving by 0.23 ± 0.02°C, 
whereas in EUT cows such a decrease was found only 
20 h before delivery (0.48 ± 0.05°C). The AUC of 
reticuloruminal temperature calculated for the pre-
partum period was greater in EUT cows than in DYS 
cows. During the first 4 h after calving, reticuloruminal 
temperature decreased from 39.68 ± 0.09 to 38.96 ± 
0.10°C and from 39.80 ± 0.06 to 38.81 ± 0.08°C in 
EUT and DYS cows, respectively, and reached baseline 
levels after 35.4 ± 3.4 and 37.8 ± 4.2 h after calving in 
EUT and DYS cows, respectively. Based on our results, 
continuous monitoring of changes in rumination time 
and reticuloruminal temperature seems to be promising 
in the early detection of cows with a higher risk of dys-
tocia. Depressed rumination activity of DYS cows after 
calving highlights the importance of the postpartum 
monitoring of cows experiencing difficulties at calving. 
The effect of dystocia on postpartum reticuloruminal 
pH was not pronounced.
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INTRODUCTION
Prediction of the onset of calving has great impor-
tance in decreasing neonatal losses and reducing the 
risk of health problems in the early postpartum period, 
which are crucial for maintaining profitable production 
on dairy farms. Behavioral changes (Huzzey et al., 2005; 
Jensen, 2012), and nonbehavioral external changes 
(Streyl et al., 2011) associated with parturition have 
been extensively studied in dairy cattle; however, the 
accurate prediction of the onset of calving is difficult 
due to the high variation between individuals (Rexha 
and Grunert, 1993; Hofmann et al., 2006). According to 
the recent findings of Kovács et al. (2015), assessment 
of cardiac autonomic activity is useful to predict calving 
in cases of unassisted births; however, obstetrical as-
sistance at calving is commonly required in cases of dif-
ficult deliveries. As dystocia increases the prevalence of 
stillbirths (Bicalho et al., 2007) and causes intense pain 
to the dam (Laven et al., 2009), monitoring individuals 
predisposed to dystocia during the prepartum period is 
crucial in terms of both production and welfare.
Rumination time and reticuloruminal temperature as possible  
predictors of dystocia in dairy cows
L. Kovács,*†1 F. L. Kézér,*† F. Ruff,‡ and O. Szenci*§
*Magyar Tudományos Akadémia–Szent István Egyetem Large Animal Clinical Research Group, Üllő, Dóra major, H-2225, Hungary
†Institute of Animal Husbandry, Faculty of Agricultural and Environmental Science, Szent István University, Páter Károly utca 1, Gödöllő,  
H-2100, Hungary
‡Department of Methodology, Hungarian Central Statistical Office, Keleti Károly utca 5–7, Budapest, H-1024, Hungary
§University of Veterinary Medicine, Department and Clinic for Production Animals, Üllő, Dóra major, H-2225, Hungary
 
Received August 18, 2016.
Accepted October 23, 2016.
1 Corresponding author: Kovacs.Levente@mkk.szie.hu
Journal of Dairy Science Vol. 100 No. 2, 2017
RUMINATION TIME AS PREDICTOR OF DYSTOCIA 1569
Current research evaluated behavioral predictors for 
normal and dystocic births. Miedema et al. (2011a) 
showed that cows with assisted calving had abdominal 
contractions earlier than cows with spontaneous calv-
ing, whereas others found that dystocic cows displayed 
restlessness earlier, raised their tail, and lay in lateral 
recumbency with the head rested for longer than cows 
calving naturally (Barrier et al., 2012). However, due 
to the large interindividual variation in behavioral 
changes associated with calving, additional physiologi-
cal markers are increasingly applied to predict calving 
time. Schirmann et al. (2013) reported on automatic 
measurement of rumination time in the peripartal 
period using acoustic sensors based on the analysis 
of vocal signs. Results support that daily rumination 
time decreases during the last week before parturition 
(Soriani et al., 2012; Büchel and Sundrum, 2014). A 
recent study has proven that monitoring rumination 
time during the first 10 d of lactation allows the early 
detection of cows with a higher probability of develop-
ing health disorders observed during the first month 
of lactation (Calamari et al., 2014). To date, a lack of 
information exists on the associations between dystocia 
and rumination time around calving.
Besides rumination time, reticuloruminal pH is in-
creasingly studied in dairy cows in the peripartal period. 
A reduction of rumination activity around parturition 
can result in SARA. A rumen pH below the level of 
5.5 is commonly used as a threshold value for SARA 
(Oetzel et al., 1999; Plaizier et al., 2008). Although the 
introduction of wireless telemetry systems allowed the 
continuous monitoring of reticuloruminal pH under field 
conditions (Mottram et al., 2008; Phillips et al., 2010), 
changes in reticuloruminal pH have not been studied in 
relation with rumination time around parturition.
Precalving drops of body temperature are the result 
of regulation of the obligatory and facultative thermo-
genesis activated by thyroid hormones and catechol-
amines (Silva, 2006), as well as sexual hormones, which 
directly regulate facultative thermogenesis (Hampl et 
al., 2006). An early study reported that body tem-
perature in bovines dropped by up to 1°C before the 
onset of parturition (Lammoglia et al., 1997), and oth-
ers confirmed that this could be used as a predictor 
of calving (Burfeind et al., 2011; Cooper-Prado et al., 
2011). However, the measurement of vaginal and rectal 
temperatures needs constant manual checks and repre-
sents a greater risk for the prevalence of lesions in these 
regions. The automatic recording of reticuloruminal 
temperature does not have these limitations (Sievers et 
al., 2004); moreover, according to Costa et al. (2016), 
reticuloruminal temperature is a good predictor of the 
approaching calving. To the best of our knowledge, the 
effect of dystocia on peripartal reticuloruminal tem-
perature has not yet been studied.
The main objectives of our study were to explore 
the potential use of changes in rumination time and 
reticuloruminal temperature as possible predictors of 
dystocia and to identify differences in these parameters 
during the early postpartum period between cows hav-
ing undergone difficult and normal calvings. Peripartal 
reticuloruminal pH was also studied.
MATERIALS AND METHODS
Animals, Housing, and Diet
The experiment was carried out at a large-scale dairy 
farm in Hungary (47°18′191′′ N, 18°48′336′′ E), with 
around 900 lactating Holstein-Friesian cows having a 
38% prevalence rate of dystocia in the study year. The 
farm was visited for a 40-d period between October 
10 and November 18, 2014 [temperature (average/mini-
mum/maximum) = 3.5/−4.7/8.2°C].
Rumination time and reticuloruminal pH and tem-
perature of 23 animals were monitored. All selected 
cows were inspected physically before the trial and 24, 
48, and 168 h after calving. Animals that had suffered 
from acute or chronic health disorders (i.e., subclinical 
or clinical mastitis, lameness) before the trial were not 
included in the study. Cows with postpartum health 
disorders or injuries caused by parturition (i.e., clinical 
hypocalcemia, retained placenta, vulvovaginal lacera-
tion) were excluded (n = 3). Because of an unexpected 
early calving event, 2 animals were excluded due to the 
short precalving recording periods. Therefore, a total of 
9 heifers and 9 multiparous cows (means ± SD; age = 
5.8 ± 1.9; parity = 2.7 ± 1.4; BCS = 3.2 ± 0.2) were 
included in the study.
From 28 d before calving, dry cows were housed in 
a precalving group pen (measuring 35 × 20 m), which 
included 50 to 60 animals and was bedded with deep 
straw. Before calving, cows were fed a prepartum TMR 
ad libitum containing a dietary forage-to-concentrate 
ratio of 78:22 on a DM basis. After calving, cows were 
housed in postpartum pens, each including 4 animals. 
Cows were fed a postpartum TMR ad libitum with a 
60:40 forage-to-concentrate ratio on a DM basis. Feed 
was provided twice daily at 0800 and 1600 h and wa-
ter was available ad libitum. After calving, cows were 
milked twice daily at 0400 and 1400 h in a 4-stall her-
ringbone milking parlor operated with DeLaval Control 
Valve bucket milking machines (DeLaval International 
AB, Tumba, Sweden) during the first 5 DIM. Follow-
ing the first milking, dams were kept in postpartum 
pens including 3 to 4 animals until 3 DIM, then cows 
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were introduced to the fresh lactation group and milked 
twice daily at 0500 and 1500 h in a 2 × 28 stall paral-
lel Bosmark milking parlor (Bosmark Kft., Biatorbágy, 
Hungary). The fresh lactation diet did not change 
within the first 15 DIM.
Rumination Activity
Rumination time was continuously recorded from 
3 d before calving until 7 DIM using the Ruminact 
acoustic biotelemetry system (SCR Engineers Ltd., 
Netanya, Israel), which was validated for the measure-
ment of rumination activity of dairy cows (Schirmann 
et al., 2009). The system consisted of rumination sen-
sors, stationary readers, and software for processing the 
electronic data (Data Flow software, SCR Engineers 
Ltd.). The sensor consists of a neck collar with a tag 
and a data logger. A counterweight was fixed ventrally 
on the collar to ensure that the tag and the logger 
are positioned at the left dorsal side of the animal’s 
neck. The rumination tag includes a microphone and a 
microprocessor. The microphone measured rumination 
and regurgitation sounds, and by this the rumination 
time in minutes was recorded. On average, the sen-
sors were attached to the cows for 10.4 ± 2.0 d before 
the expected calving (ranging between 8.2 and 13.1 d). 
Data were stored in twelve 2-h blocks in the memory 
of the logger and were transferred via infrared commu-
nication and downloaded by antennas positioned above 
the water-trough in the barn and over the entrance 
of the milking parlors. At the end of the experiment, 
data were loaded to the HT2 Batch Tool program (SCR 
Engineers Ltd.), which was provided for the study by 
SCR Engineers Ltd. The raw data set was used to 
evaluate the length of single rumination periods and 
breaks between rumination periods. Thereby, start and 
end of rumination periods were labeled with a time 
resolution of 1 min. Rumination time was calculated 
and summarized at 4-h intervals.
Reticuloruminal pH and Temperature
For monitoring reticuloruminal pH and temperature, 
an indwelling and wireless data-transmitting system 
(SmaXtec Animal Care GmbH, Graz, Austria) was 
used. Recordings lasted from 3 d before calving until 7 
DIM. After previous calibration of the pH probes, using 
pH 4 and 7 buffer solutions, the indwelling system (bo-
lus; measuring 132 × 35 mm) was administered orally 
using a special bolus gun. The measurement interval 
and frequency for reticuloruminal pH and temperature 
values were 10 min and the stored data were transmit-
ted to an external receiver using the ISM-Band 433 
MHz (SmaXtec Animal Care GmbH). Data were read 
out once a day from each animal using a mobile reader, 
and at the end of the trial data were downloaded onto 
a personal computer. Following Humer et al. (2015), a 
specific cutoff point was established for reticuloruminal 
pH at the level of pH 5.8 and the daily time duration 
below pH 5.8 was calculated for each animal.
Parameters of Postpartum Subclinical  
Metabolic Disorders
Blood samples were taken by venipuncture from the 
coccygeal vein 2 and 24 h and 5 d after calving into 
heparinized tubes (S-Monovette, Sarstedt, Nümbrecht-
Rommelsdorf, Germany). Samples were immediately 
centrifuged at 3,000 × g for 10 min at room tempera-
ture and the plasma was stored at −18°C until bio-
chemical measurement. Plasma concentrations of fatty 
acids, BHB, triglycerides, total protein, urea, glucose, 
and aspartate aminotransferase activity were measured 
for the 5-d samples, whereas total Ca concentrations 
were measured for 2 and 24 h after calving as well.
Calving Management and Observation of Calvings
According to the farm practice, cows calved in the 
group pen or, if assistance was required, in a separate 
maternity pen. Supervision of the dams during calving, 
and the decision to move them into the maternity pen 
or to provide assistance, was done by the farm staff. 
Supervision was routinely ensured during the day, once 
per hour. Assistance was commonly provided to cows 
only when the farm personnel judged that a cow was 
enduring difficulty, such as absence of labor progress 
or distress of the dam. Further observation of the cows 
was performed once every 30 min.
Calvings occurring in the group pen were observed 
with 2 day/night outdoor network bullet cameras 
installed above the group pen (Vivotek IP8331, Vi-
votek Inc., Taipei, Taiwan). Individual calvings were 
observed with 2 portable video cameras (Legria HF 
M36, Canon Inc., Tokyo, Japan) after placing cows 
into the maternity pen. Dystocia was defined as calving 
difficulty resulting from prolonged spontaneous calving 
or prolonged or severe assisted extraction (Mee, 2004). 
Following Mee et al. (2011), normal calving (eutocia; 
EUT) was regarded as a combination of no assistance 
and slight assistance by 1 person. Such slight assistance 
(where assistance was brief, traction slight, and the cow 
may otherwise have calved unassisted) was provided 
in 2 cases. The incidence of dystocia was diagnosed by 
the first author based on the duration of the second 
stage of calving (initiated by rupture of the allantoic 
sac), judged by the absence of progression, straining 
without progress, and, in case of assisted births, the 
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force applied. Prolonged spontaneous calvings (>2 h 
from the appearance of hooves to delivery) and calvings 
with assistance by 2 or more people with considerable 
force (with a calving rope or by the use of mechanical 
extraction during delivery) were regarded as dystocic 
(DYS). Calves were removed from the dams within 1.5 
h after birth. The first postpartum milking took place 
after calf removal, within the first 2 h after calving.
Statistical Analyses
All statistical analyses were performed in the R 3.0.2 
statistical environment and language (R Development 
Core Team, 2013). As the pattern of reticuloruminal 
temperature is significantly influenced by water intake 
(Gasteiner et al., 2012), following Costa et al. (2016), 
only reticuloruminal temperature values higher than 
37.7°C were used. The average of 24 ten-minute record-
ings was used for determining reticuloruminal pH for 
each 4-h period.
Data were tested for constant variance (Levene’s 
test) and the Shapiro–Wilk test was used for testing 
normal distribution. The ANOVA was followed for the 
evaluation of changes in rumination time and reticulo-
ruminal pH and temperature for EUT and DYS cows 
separately. Statistical significances were calculated for 
each variable between all time points of measurement 
(means ± SEM). For this purpose, Tukey’s post-hoc 
test was used (P < 0.05).
For the comparison of rumination time and reticulo-
ruminal characteristics between EUT and DYS dams, 
rumination time and reticuloruminal pH and tempera-
ture were calculated as area under the curve (AUC), 
which reduced the number of statistical comparisons 
between groups, as the numbers of repeated mea-
surements were high (20 measurement points for the 
prepartum period and 41 for the postpartum period). 
Time to return to baseline (the time interval required 
to return to baseline from the delivery of the calf) was 
also calculated for each parameter with a 5% thresh-
old value from baseline. The AUC and times to return 
to baselines were calculated for each individual, and 
the averaged values were used for comparisons across 
groups. All parameters were calculated for prepartum 
(between 72 h before calving and birth) and postpar-
tum periods (between birth and 168 h after calving). To 
determine AUC, a trapezoid method was used (Lay et 
al., 1996) as follows:
 AUC = Σ[(Rn + Rn + 1)/2 × h − baseline], 
where R is a value of a rumen parameter at a given 
time point, n is the number of the time points, h is 
the time in hours between the 2 R values, and baseline 
is the mean value of the parameter calculated for the 
first 4 measurement points (−72, −68, −64, and −60 
h). Postpartum AUC was determined for the 168-h 
postpartum period. After verifying normal distribution 
(Shapiro–Wilk test) and the equality of error variances 
(Levene’s test) of data, baseline values, AUC, time to 
return to baseline, and daily time duration of reticulo-
ruminal pH below 5.8 during the first 7 DIM, as well as 
plasma concentrations of the various metabolic param-
eters, were compared between groups with the Welch’s 
2-sample t-test (P < 0.05).
RESULTS
Ten calvings events were classified as EUT (female 
calves = 4, male calves = 6), and 8 as DYS (female 
calves = 4, male calves = 4). Four of the 9 multiparous 
cows had dystocia, whereas 5 of the 9 heifers had dif-
ficulties at calving. In 2 cases difficulty resulted from 
prolonged spontaneous calving, and in 6 cases difficulty 
resulted from assisted extraction. During the study pe-
riod, Caesarean section or fetotomy was not performed. 
Plasma concentrations of metabolic blood parameters 
were in the physiological range in both EUT and DYS 
cows, and did not differ between groups 5 d after calv-
ing (Table 1). Total Ca concentrations were similar be-
tween EUT and DYS groups 2 h (2.01 ± 0.07 and 2.00 
± 0.10, respectively; P = 0.92) and 24 h after calving 
(1.99 ± 0.08 and 1.99 ± 0.09, respectively; P = 1.00).
Changes in rumination time and reticuloruminal 
temperature and pH are shown in Figures 1 to 3 for 
cows with normal and dystocic calvings. Rumination 
time decreased from baseline 28 h before calving both 
for EUT and DYS cows (P = 0.023 and P = 0.017, 
respectively). After 20 h before calving, it decreased 
to 32.4 ± 2.3 and 13.2 ± 2.0 min/4 h between 8 and 4 
h before delivery in EUT and DYS cows, respectively 
(Figure 1), then decreased below 10 and 5 min dur-
ing the last 4 h before calving (P = 0.003 and P = 
0.008, respectively). A rapid increase over the first 12 
h after calving was observed for rumination time for 
both groups. Until 12 h after delivery, rumination time 
reached 42.6 ± 2.7 and 51.0 ± 3.1 min/4 h in DYS 
and EUT dams, respectively. Subsequently, rumina-
tion time increased progressively in EUT cows to reach 
its baseline level within 40 h after calving; however, 
in DYS cows, this rise was slower, with a drop from 
60.1 ± 3.7 to 40.5 ± 2.6 min/4 h around the time of 
introducing dams into the fresh lactation group (Figure 
1). We found no difference between groups in basal ru-
mination activity and in AUC rumination time during 
the prepartum period (Table 2). The AUC rumination 
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time calculated for the postpartum period was greater 
in DYS cows than in EUT dams, and rumination time 
required more time to return to baseline in DYS cows 
than in EUT ones (Table 2).
Reticuloruminal pH showed a similar pattern be-
tween groups for the entire recording period (Figure 2), 
and no difference was found in AUC reticuloruminal 
pH between EUT and DYS cows before calving (Table 
3). Reticuloruminal pH decreased from baseline 56 h 
before calving in EUT and DYS cows (P = 0.012 and 
P = 0.016, respectively), then varied between 6.07 and 
6.35 until calving, and subsequently decreased rapidly 
within the first 16 h after calving. For the remainder of 
the observation period, reticuloruminal pH had higher 
levels in DYS cows than in EUT dams, with a drop in 
DYS cows around the time of introducing the animals 
to the fresh lactation group (P < 0.01 from baseline).
Time duration of reticuloruminal pH below 5.8 was 
higher (P = 0.032) in EUT cows compared with DYS 
dams during the first 7 DIM and areas under the pH 
curves indicated lower overall postpartum reticulorumi-
nal pH levels in EUT dams than in DYS cows (Table 
3). Although reticuloruminal pH did not decrease be-
low the critical 5.5 level, it returned to baseline neither 
in EUT nor in DYS cows within the 168-h postpartum 
period.
In DYS cows, reticuloruminal temperature decreased 
from baseline 32 h before calving with 0.23 ± 0.02°C (P 
= 0.012), whereas in EUT animals a more pronounced 
drop was observed (0.48 ± 0.05°C, P < 0.01), but only 
20 h before calving (Figure 2). Reticuloruminal temper-
ature reached the lowest peak in EUT and DYS cows 
16 h before calving (38.9 ± 0.08 and 39.17 ± 0.05°C, 
respectively), then increased gradually until the time of 
delivery in both groups. During the first 4 h after calv-
ing, reticuloruminal temperature decreased from 39.68 
± 0.09 to 38.96 ± 0.10°C and from 39.80 ± 0.06 to 38.81 
± 0.08°C in EUT and DYS cows, respectively (P < 0.01 
for both groups). It peaked at 24 h after calving in both 
groups, then decreased to baseline levels with minor al-
terations for both groups. We observed no difference in 
basal reticuloruminal temperatures between the groups. 
Although AUC reticuloruminal temperature calculated 
for the prepartum period was greater in EUT cows than 
in DYS cows, no differences were observed between the 
groups for postpartum reticuloruminal temperatures in 
terms of AUC and time to return to baseline (Table 3).
DISCUSSION
Monitoring of cows before calving allows the appro-
priate timing of obstetric assistance, which can reduce 
the losses caused by dystocia (Kovács et al., 2016). 
It is well known that the last 24 h before calving are 
characterized by increases in lying frequency, walking 
frequency, and tail raising frequency in dairy cows (Mi-
edema et al., 2011b); however, the great interindividual 
variability in these behaviors might prevent the precise 
identification of the time of imminent calving. Previous 
studies have shown that behavioral changes associated 
with parity of the cow could potentially be confounded 
by difficulty at calving (Wehrend et al., 2006; Mainau 
Brunsó, 2011). This was taken into account in the pres-
ent study, as 9 heifers and 9 multiparous cows were 
included and the distribution of cows and heifers was 
similar between the EUT and DYS groups.
Rumination behavior is considered to be influenced 
by 4 main groups of factors: feeding (Kononoff and 
Heinrichs, 2003), animal (Richter, 2010), disease (Ped-
ersen, 2010) and environment, such as regrouping of the 
animals or moving animals into another group based 
on milk production (Schirmann et al., 2011). All these 
factors are extensively studied in the literature. The 
present study uncovered differences in rumination time 
Table 1. Plasma concentrations (means ± SD) of metabolic blood parameters 5 d after calving in eutocic 
(EUT) and dystocic (DYS) cows
Blood parameter  Unit
Calving group1
P-value2EUT DYS
Fatty acids mmol/L 0.5 ± 0.1 0.4 ± 0.1 NS
BHB mmol/L 1.1 ± 0.1 1.0 ± 0.1 NS
Aspartate aminotransferase IU/L 85 ± 7 88 ± 8 NS
Total protein g/L 62.4 ± 8.4 60.3 ± 7.4 NS
Glucose mmol/L 3.2 ± 0.3 3.1 ± 0.4 NS
Triglycerides mmol/L 0.12 ± 0.03 0.11 ± 0.02 NS
Urea mmol/L 5.1 ± 1.2 5.0 ± 1.3 NS
Ca mmol/L 2.1 ± 0.1 2.2 ± 0.1 NS
1EUT = eutocic calving; a combination of no assistance and slight assistance by one person. DYS = dystocic 
calving; prolonged spontaneous calving (>2 h from appearance of hooves to delivery) or calving with assistance 
by 2 or more persons with considerable force.
2Statistical significances are based on the Welch’s 2-sample t-test.
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between cows with normal and difficult calvings. In 
particular, lower rumination activity was observed for 
DYS cows than for dams with normal calvings within 
8 h before calving, and rumination time remained de-
pressed for a longer period of time in DYS cows than 
in EUT dams.
Between 24 and 12 h before calving rumination 
time decreased in both groups. This is the time in-
terval when an impaired cardiac autonomic function 
was observed in dairy cows (Kovács et al., 2015) with 
unassisted calvings. In Kovács et al. (2015), a decline 
in vagal tone reflected acute visceral pain, which was 
Figure 1. Rumination time (min/4 h) in dairy cows with normal (n = 10) and dystocic calvings (n = 8) around parturition. Data are given 
as means ± SEM; time 0 represents the last 4 h before calving, and the dashed vertical line at 72 h after calving indicates the time of introduc-
ing cows to the fresh lactation group.
1574 KOVÁCS ET AL.
Journal of Dairy Science Vol. 100 No. 2, 2017
possibly higher in the present work in cases of difficult 
deliveries, as from 16 h antepartum the decline in rumi-
nation time was more rapid in DYS cows than in EUT 
animals (Figure 1). The clear differences between EUT 
and DYS cows between 4 and 8 h antepartum, with 
around a 3-fold lower rumination time for DYS cows 
compared with EUT ones, may also suggest a higher 
levels of stress in DYS cows. An earlier study found 
that rumination activity is influenced by acute stress 
(Herskin et al., 2004). The fact that overall rumina-
tion times, calculated as AUC, did not differ during 
the prepartum period between groups resulted from the 
Figure 2. Reticuloruminal pH in dairy cows with normal (n = 10) and dystocic calvings (n = 8) around parturition. Data are given as means 
± SEM; time 0 represents the last 4 h before calving, and the dashed vertical line at 72 h after calving indicates the time of introducing cows 
to the fresh lactation group.
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relatively long-term observation period before calving 
and the similar pattern of rumination activity in EUT 
and DYS cows until 16 h before delivery. Pahl et al. 
(2014) also found a significant decrease in rumination 
time, but only in the last 6 h before calving; however, 
those authors used only animals with normal or slightly 
assisted calvings.
The postpartum resumption of rumination activity 
was slower in DYS cows. The time spent with rumi-
nation within the first 4 h after calving was almost 
Figure 3. Reticuloruminal temperature (°C) in dairy cows with normal (n = 10) and dystocic calvings (n = 8) around parturition. Data 
are given in means ± SEM; time 0 represents the last 4 h before calving, and the dashed vertical line at 72 h after calving indicates the time of 
introducing cows to the fresh lactation group.
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2-fold higher in EUT cows compared with cows with 
difficulties at calving. The low rumination activity con-
tinued several hours beyond calf removal in DYS cows; 
therefore, the presence of the calf, and thus the parent-
offspring interaction, might not have had a consider-
able effect on the short-term resumption of rumination.
Resumption of rumination activity after calving is 
directly linked to the start of feed intake. Schirmann et 
al. (2013) reported recovery at 6 h after calving, which 
might explain the recovery of rumination time from 8 
h postpartum found in the present study. The postpar-
tum rumination time observed for EUT dams in our 
study was within the range reported in the literature 
(Yang and Beauchemin, 2006; Calamari et al., 2014); 
however, dystocia had a pronounced effect on postpar-
tum rumination activity in the long term as well. Ru-
mination time required 2 d to return to its physiological 
level in EUT cows, whereas the significant reduction of 
rumination activity persisted until 4 d postpartum in 
DYS cows, as indicated by time to return to baseline. 
A previous work reported similar results in healthy 
cows, but without reporting the course of calving; that 
is, rumination time reached a stable level at 5 d after 
calving (Bar, 2011). A delay in resuming rumination 
is considered an alert signal and might be related to 
disturbed feed intake or health disorders. However, in 
the present study, no evidence was found for subclini-
cal metabolic disorders during the postpartum period 
in EUT or in DYS cows. The BHB, fatty acid, and 
glucose concentrations did not match the clinical signs 
of subclinical ketosis (González et al., 2011) and high li-
pomobilization (fatty acids >0.7 mmol/L) was detected 
only in 1 cow in the DYS group. Hepatic lipidosis and 
compromised hepatic function was not observed as 
shown by plasma aspartate aminotransferase activity 
and glucose, triglycerides, and urea concentrations be-
ing within the reference ranges. According to Hansen et 
al. (2003), rumination activity is influenced by subclini-
cal hypocalcemia; however, plasma Ca concentrations 
were similar between groups either 2 and 24 h and 5 
d after calving, and 4 and 5 animals showed slightly 
lower Ca levels than 2 mmol/L at 2 and 24 h after calv-
ing, respectively. As the effect of subclinical metabolic 
disorders does not seem to explain the difference in 
postpartum rumination time between EUT and DYS 
cows, our findings rather reflect the long-term effects 
of pain and discomfort associated with prolonged or 
severe extraction in dams experienced difficulties at 
calving.
In contrast to what had been expected, DYS cows 
had higher postpartum reticuloruminal pH values than 
EUT dams, as shown by AUC analysis and daily time 
duration with pH below 5.8. As these differences were 
slight, based on the present data, no serious effects 
of dystocia on postpartum reticuloruminal pH could 
be assumed. The slightly higher pH values observed 
for DYS cows might be attributed to lower DMI from 
the postpartum diet with a high concentrate ratio. In 
healthy cows, a rapid recovery of feed intake was ob-
served after calving (Mainau and Manteca, 2011; Sato 
et al., 2012), which was supposedly impaired in cows 
with difficulties at calving in the present work. It is a 
shortcoming of our study that DMI as the main trigger 
of both rumination time and reticuloruminal pH was 
not recorded.
A decreasing tendency in postpartum reticulorumi-
nal pH is thought to be normal (Gasteiner and Gug-
genberger, 2013), and it was clearly seen in the present 
study (Figure 2). Reticuloruminal pH values below 5.5 
are considered abnormal and suggestive of either severe 
SARA (Garrett et al., 1999) or, in combination with 
clinical signs, peracute or acute acidosis (Blood and 
Radostits, 1989). In a recent study, the daily time dura-
tion below reticuloruminal pH 5.8 was 15 and 753 min 
in SARA-tolerant and -susceptible cows, respectively, 
between 2 and 8 DIM (Humer et al., 2015). In the pres-
ent work duration below pH5.8 did not reach 10 min/d 
during the first 7 DIM in EUT or DYS dams, and 
Table 2. Rumination time calculated as area under the curve (means ± SD) before and after calving in eutocic (EUT) and dystocic (DYS) cows
Rumination time parameter1  Unit
Calving group2
P-value3EUT DYS
Baseline min/4 h 78.3 ± 2.8 76.1 ± 2.3 NS
AUCPRE min −4,378.5 ± 421.4 −4,756.2 ± 345.8 NS
AUCPOST min −9,923.6 ± 764.1 −12,420.3 ± 1,043.7 0.012
Time to return to baseline h 39.8 ± 7.6 97.2 ± 12.4 0.002
1AUCPRE = area under the curve calculated for the last 72 h before calving; Baseline = between 72 and 60 h before calving; AUCPOST = area 
under the curve calculated for the first 168 h after calving.
2EUT = eutocic calving; a combination of no assistance and slight assistance by one person. DYS = dystocic calving; prolonged spontaneous 
calving (>2 h from appearance of hooves to delivery) or calving with assistance by 2 or more persons with considerable force.
3Statistical significances are based on the Welch’s 2-sample t-test. 
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reticuloruminal pH exceeded the critical 5.5 level in 
all studied animals throughout the study period, thus 
providing no evidence for postpartum rumen acidosis.
Besides a slow decline, reticuloruminal pH showed 
characteristic rises and falls during the postpartum 
period in both EUT and DYS cows. Diurnal variations 
in reticuloruminal pH were previously explained by a 
repeated diurnal feed intake pattern (Robinson and 
Garrett, 1999); however, our results can be only partly 
explained by this phenomenon, as animals did not calve 
at the same time of day. Therefore, all measurement 
points were time shifted. Periodic changes in reticulo-
ruminal pH mirror the adaptation of the rumen to the 
postpartum diet.
Although there is evidence that dairy cows exhibit 
a distinct decrease in vaginal and rectal temperatures 
commencing approximately 48 h before calving (Birgel 
et al., 1994; Dufty, 1971; Aoki et al., 2005), the detection 
of this decrease does not determine the onset of calv-
ing precisely (Burfeind et al., 2011). In a more recent 
work, Costa et al. (2016) identified an average drop 
in reticuloruminal temperature of ≥0.2°C within 24 h 
before calving as the best predictor of the imminent 
calving based on sensitivity, specificity, and diagnostic 
odds ratios. We found sudden drops in reticuloruminal 
temperature 32 and 20 h before calving with 0.23 and 
0.48°C in DYS and EUT cows, respectively. Although 
our data needs further confirmation, as this drop oc-
curred 12 h earlier in DYS cows compared with EUT 
dams, we suggest that reticuloruminal temperature 
should be considered a possible predictor of dystocic 
calving events not only in future studies but in herd 
management systems as well.
Our study has shown the effects of dystocia on ru-
mination activity around calving. Although rumination 
time varies between and within herds (Moallem et al., 
2010; Calamari et al., 2011), continuous monitoring of 
changes in rumination time at cow level seems to be 
useful in the early detection of cows with a higher risk 
of calving difficulties. Impaired rumination activity of 
DYS cows within the first 4 d after calving highlights 
the importance of paying particular attention to the 
feeding management of cows that have had a difficult 
calving. Prepartum drops in reticuloruminal tempera-
ture underscore the promising value of this parameter 
in the early detection of dystocia. As strong interanimal 
variations in reticuloruminal pH responses to parturi-
tion exist (Humer et al., 2015), investigations involving 
a larger number of animals are required to study the 
effects of difficult calving on reticuloruminal pH. For a 
better understanding of the effect of dystocia on rumi-
nation time and reticuloruminal pH and temperature, 
exploration of physiological mechanisms associated 
with peripartal rumination patterns is still necessary. 
Further studies should focus on the various effects of 
obstetrical conditions on rumination time and reticu-
loruminal characteristics by considering the severity of 
dystocia as well.
ACKNOWLEDGMENTS
The authors thank Ferenc Bodó, the owner of the 
farm, and Ágoston Bodó, farm manager, for supporting 
the study, as well as the farm staff of Prograg Agrár-
centrum Ltd. at Ráckeresztúr, Lászlópuszta, Hungary, 
for taking care of the animals during the experimental 
period. We are indebted to Péter Bacsúr (J.O.B.-Feed 
Kft. Budapest, Hungary) for his valuable help in data 
collection. Levente Kovács was partly supported by the 
following grants: (1) János Bolyai Research Scholar-
Table 3. Reticuloruminal pH and temperature characteristics (means ± SD) before and after calving in eutocic (EUT) and dystocic (DYS) cows
Item1  Unit
Calving group2
P-value3EUT DYS
Reticuloruminal pH parameters        
 Baseline   6.29 ± 0.10 6.27 ± 0.08 NS
 AUCPRE h −11,222 ± 546 −11,015 ± 411 NS
 AUCPOST h −25,314 ± 737 −21,877 ± 2,350 0.046
 Time to return to baseline h NA NA NA
 Time duration below pH 5.8 during the first 7 DIM min/d 9.4 ± 7.5 4.3 ± 3.1 0.032
Reticuloruminal temperature parameters        
 Baseline °C 39.7 ± 0.4 39.7 ± 0.6 NS
 AUCPRE °C × h −67,757 ± 1,223 −65,018 ± 1,145 0.042
 AUCPOST °C × h 150,522 ± 35,512 141,529 ± 18,031 NS
 Time to return to baseline h 35.4 ± 3.4 37.8 ± 4.2 NS
1AUCPRE = area under the curve calculated for the last 72 h before calving; Baseline = between 72 h and 60 h before calving; AUCPOST = area 
under the curve calculated for the first 168 h after calving.
2EUT = eutocic calving; a combination of no assistance and slight assistance by one person. DYS = dystocic calving; prolonged spontaneous 
calving (>2 h from appearance of hooves to delivery) or calving with assistance by 2 or more persons with considerable force. NA = not available.
3Statistical significances are based on the Welch’s 2-sample t-test. NA = not available.
1578 KOVÁCS ET AL.
Journal of Dairy Science Vol. 100 No. 2, 2017
ship of the Hungarian Academy of Sciences, Budapest, 
Hungary, (2) Postdoctoral Scholarship of the National 
Research, Development and Innovation Office, Buda-
pest, Hungary – NKFIH (project no. PD123456), (3) 
NTP-NFTÖ-16 project by the Human Capacities Grant 
Management Office and the Hungarian Ministry of Hu-
man Capacities, Budapest, Hungary, and (4) Research 
Center of Excellence – 1476-4/2016/FEKUT project of 
the National Research, Development and Innovation 
Office, Budapest, Hungary.
REFERENCES
Aoki, M., K. Kimura, and O. Suzuki. 2005. Predicting time of par-
turition from changing vaginal temperature measured by data-
logging apparatus in beef cows with twin fetuses. Anim. Reprod. 
Sci. 86:1–12.
Bar, D. 2011. Daily rumination time and calving diseases. Accessed Nov. 
30, 2016. http://www.originalprocess.it/wbc2010/AbstractCD/
pdf/153.pdf.
Barrier, A. C., E. Ruelle, M. J. Haskell, and C. M. Dwyer. 2012. Effect 
of a difficult calving on the vigour of the calf, the onset of maternal 
behaviour, and some behavioural indicators of pain in the dam. 
Prev. Vet. Med. 103:248–256.
Bicalho, R. C., K. N. Galvao, S. H. Cheong, R. O. Gilbert, L. D. War-
nick, and C. L. Guard. 2007. Effect of stillbirths on dam survival 
and reproduction performance in Holstein dairy cows. J. Dairy Sci. 
90:2797–2803.
Birgel, E. H., Jr., E. Grunert, and J. A. Soares. 1994. The preliminary 
stage of labor in cattle in relation to the clinical signs of labor and 
the course of progesterone secretion for the prediction of the calv-
ing time. Dtsch. Tierarztl. Wochenschr. 101:355–359.
Blood, D. C., and O. M. Radostits. 1989. Veterinary Medicine. 7th ed. 
Balliere and Tindall, London, UK.
Büchel, S., and A. Sundrum. 2014. Decrease in rumination time as 
an indicator for the onset of calving. J. Dairy Sci. 97:3120–3127.
Burfeind, O., V. S. Suthar, R. Voigtsberger, S. Bonk, and W. Heu-
wieser. 2011. Validity of prepartum changes in vaginal and rec-
tal temperature to predict calving in dairy cows. J. Dairy Sci. 
94:5053–5061.
Calamari, L., N. Soriani, and M. Intini. 2011. Automatic measurement 
of rumination activity in lactating cows during summer season. 
Ital. J. Anim. Sci. 10:119F.
Calamari, L., N. Soriani, G. Panella, F. Petrera, A. Minuti, and E. 
Trevisi. 2014. Rumination time around calving: An early signal to 
detect cows at greater risk of disease. J. Dairy Sci. 97:3635–3647.
Cooper-Prado, M. J., N. M. Long, E. C. Wright, C. L. Goad, and 
R. P. Wettemann. 2011. Relationship of rumen temperature with 
parturition and estrus of beef cows. J. Anim. Sci. 89:1020–1027.
Costa, J. B. G., Jr., J. K. Ahola, Z. D. Weller, R. K. Peel, J. C. Whit-
tier, and J. O. J. Barcellos. 2016. Reticulo-rumen temperature as 
a predictor of calving time in primiparous and parous Holstein 
females. J. Dairy Sci. 99:4839–4850.
Dufty, J. H. 1971. Determination of the onset of parturition in Her-
eford cattle. Aust. Vet. J. 47:77–82.
Garrett, E. F., M. N. Pereira, K. V. Nordlund, L. E. Armentano, 
W. J. Goodger, and G. R. Oetzel. 1999. Diagnostic methods for 
detecting subacute rumen acidosis in dairy cattle. J. Dairy Sci. 
82:1170–1178.
Gasteiner, J., and T. Guggenberger. 2013. Long-term measurement of 
reticuloruminal pH-value in dairy cows under practical conditions 
by an indwelling and wireless data transmitting unit. Pages 33–39 
in Proceedings 23rd Int. Congr. Hung. Assoc. Buiatr. O. Szenci, 
and E. Brydl, eds. Siófok, Hungary.
Gasteiner, J., T. Guggenberger, J. Häusler, and A. Steinwidder. 
2012. Continuous and long term measurement of reticuloru-
minal pH in grazing dairy cows by an indwelling and wireless 
data transmitting unit. Vet. Med. Int. 2012:236956. https://doi.
org/10.1155/2012/236956. 
González, F. D., R. Muino, V. Pereira, R. Campos, and J. L. Benedito. 
2011. Relationship among blood indicators of lipomobilization and 
hepatic function during early lactation in high-yielding dairy cows. 
J. Vet. Sci. 12:251–255.
Hampl, R., L. Stárka, and L. Janský. 2006. Steroids and thermogen-
esis. Physiol. Res. 55:123–131.
Hansen, S. S., P. Nørgaard, C. Pedersen, R. J. Jørgensen, L. S. Mel-
lau, and J. D. Enemark. 2003. Effect of subclinical hypocalcaemia 
induced by Na2EDTA on the feed intake and chewing activity of 
dairy cows. Vet. Res. Commun. 27:193–205.
Herskin, M. S., L. Munksgaard, and J. Ladewig. 2004. Effects of acute 
stressors on nociception, adrenocortical responses and behavior of 
dairy cows. Physiol. Behav. 83:411–420.
Hofmann, E., K. Failing, and A. Wehrend. 2006. Veränderungen an 
Vulva und Vestibulum bei Mutterkühen und Färsen in den letzten 
sieben Tagen vor der Geburt. Tierarztl. Prax. 1:15–19.
Humer, E., K. Ghareeb, H. Harder, E. Mickdam, A. Khol-Parisini, and 
Q. Zebeli. 2015. Peripartal changes in reticuloruminal pH and tem-
perature in dairy cows differing in the susceptibility to subacute 
rumen acidosis. J. Dairy Sci. 98:8788–8799.
Huzzey, J. M., M. A. G. von Keyserlingk, and D. M. Weary. 2005. 
Changes in feeding, drinking, and standing behavior of dairy cows 
during the transition period. J. Dairy Sci. 88:2454–2461.
Jensen, M. B. 2012. Behaviour around the time of calving in dairy 
cows. Appl. Anim. Behav. Sci. 139:195–202.
Kononoff, P. J., and A. J. Heinrichs. 2003. The effect of reducing al-
falfa haylage particle size on cows in early lactation. J. Dairy Sci. 
86:1445–1457.
Kovács, L., F. L. Kézér, and O. Szenci. 2016. Parturition progress, out-
comes of calving and postpartum health of dairy cows underwent 
assisted and spontaneous calvings. J. Dairy Sci. In press.
Kovács, L., J. Tőzsér, F. L. Kézér, F. Ruff, M. Aubin-Wodala, E. Al-
bert, A. Choukeir, Z. Szelényi, and O. Szenci. 2015. Heart rate and 
heart rate variability in multiparous dairy cows with unassisted 
calvings in the periparturient period. Physiol. Behav. 139:281–289.
Lammoglia, M. A., R. A. Bellows, R. E. Short, S. E. Bellows, E. G. 
Bighorn, J. S. Stevenson, and R. D. Randel. 1997. Body tempera-
ture and endocrine interactions before and after calving in beef 
cow. J. Anim. Sci. 75:2526–2534.
Laven, R. A., J. N. Huxley, H. R. Whay, and K. J. Stafford. 2009. Re-
sults of a survey of attitudes of dairy veterinarians in New Zealand 
regarding painful procedures and conditions in cattle. N. Z. Vet. 
J. 57:215–220.
Lay, D. C. Jr., T. H. Friend, R. D. Randel, O. C. Jenkins, D. A. Neuen-
dorff, G. M. Kapp, and D. M. Bushong. 1996. Adrenocorticotropic 
hormone dose response and some physiological effects of transpor-
tation on pregnant Brahman cattle. J. Anim. Sci. 74:1806–1811.
Mainau, E., and X. Manteca. 2011. Pain and discomfort caused by par-
turition in cows and sows. Appl. Anim. Behav. Sci. 135:241–251.
Mainau Brunsó, E. 2011. Pain caused by parturition in sows and dairy 
cattle. Effects of Meloxicam on welfare and production. PhD The-
sis. Facultat de Veterinaria, Universitat Autònoma de Barcelona, 
Barcelona, Spain.
Mee, J. F. 2004. Managing the dairy cow at calving time. Vet. Clin. 
North Am. Food Anim. Pract. 20:521–546.
Mee, J. F., D. P. Berry, and A. R. Cromie. 2011. Risk factors for 
calving assistance and dystocia in pasture-based Holstein–Friesian 
heifers and cows in Ireland. Vet. J. 187:189–194.
Miedema, H. M., M. S. Cockram, C. M. Dwyer, and A. I. Macrae. 
2011a. Changes in the behaviour of dairy cows during the 24 h 
before normal calving compared with behaviour during late preg-
nancy. Appl. Anim. Behav. Sci. 131:8–14.
Miedema, H. M., M. S. Cockram, C. M. Dwyer, and A. I. Macrae. 
2011b. Behavioural predictors of the start of normal and dysto-
cic calving in dairy cows and heifers. Appl. Anim. Behav. Sci. 
132:14–19.
Moallem, U., G. Altmark, H. Lehrer, and A. Arieli. 2010. Performance 
of high-yielding dairy cows supplemented with fat or concentrate 
under hot and humid climates. J. Dairy Sci. 93:3192–3202.
Journal of Dairy Science Vol. 100 No. 2, 2017
RUMINATION TIME AS PREDICTOR OF DYSTOCIA 1579
Mottram, T., J. Lowe, M. McGowan, and N. Phillips. 2008. Technical 
note: A wireless telemetric method of monitoring clinical acidosis 
in dairy cows. Comput. Electron. Agric. 64:45–48.
Oetzel, G. R., K. V. Nordlund, and E. F. Garrett. 1999. Effect of ru-
minal pH and stage of lactation on ruminal lactate concentration 
in dairy cows. J. Dairy Sci. 82(Suppl 1):38.
Pahl, C., E. Hartung, A. Grothmann, K. Mahlkow-Nerge, and A. 
Haeussermann. 2014. Rumination activity of dairy cows in the 24 
hours before and after calving. J. Dairy Sci. 97:6935–6941.
Pedersen, A. 2010. Rumination measurements and ketosis in early lac-
tation. Dansk Veterinaertidsskrift 93:28–32.
Phillips, N., T. Mottram, D. Poppi, D. Mayer, and M. R. McGowan. 
2010. Continuous monitoring of rumen pH using wireless telem-
etry. Anim. Prod. Sci. 50:72–77.
Plaizier, J. C., D. O. Krause, G. N. Gozho, and B. W. McBride. 2008. 
Subacute ruminal acidosis in dairy cows: the physiological causes, 
incidence and consequences. Vet. J. 176:21–31.
R Development Core Team. 2013. R, A language and environment for 
statistical computing. R Foundation for Statistical Computing, Vi-
enna, Austria. Accessed Nov. 30, 2016. http://www.R-project.org/
Rexha, S., and E. Grunert. 1993. The forecasting of the time of calving 
using a rapid progesterone test. Tierarztl. Prax. 21:197–200.
Richter, U. 2010. Quantifizierung der Fress- und Wiederkäuaktivitäten 
von Milchkühen. PhD Diss. University Kassel, Witzenhausen, Ger-
many.
Robinson, P. H., and J. E. Garrett. 1999. Effect of yeast culture (Sac-
charomyces cerevisiae) on adaptation of cows to postpartum diets 
and on lactational performance. J. Anim. Sci. 77:988–999.
Sato, S., A. Ikeda, Y. Tsuchiya, K. Ikuta, I. Murayama, M. Kane-
hira, K. Okada, and H. Mizuguchi. 2012. Diagnosis of subacute 
rumen acidosis (SARA) by continuous reticular pH measurements 
in cows. Vet. Res. Commun. 36:201–205.
Schirmann, K., N. Chapinal, D. M. Weary, W. Heuwieser, and M. A. 
G. von Keyserlingk. 2011. Short-term effects of regrouping on be-
havior of prepartum dairy cows. J. Dairy Sci. 94:2312–2319.
Schirmann, K., N. Chapinal, D. M. Weary, L. Vickers, and M. A. 
G. von Keyserlingk. 2013. Short communication: Rumination and 
feeding behavior before and after calving in dairy cows. J. Dairy 
Sci. 96:7088–7092.
Schirmann, K., M. A. G. von Keyserlingk, D. M. Weary, D. M. Veira, 
and W. Heuwieser. 2009. Technical note: Validation of a system for 
monitoring rumination in dairy cows. J. Dairy Sci. 92:6052–6055.
Sievers, A. K., N. B. Kristensen, H. J. Laue, and S. Wolffram. 2004. 
Development of an intrarumen device for data sampling and trans-
mission. J. Anim. Feed Sci. 13:207–210.
Silva, J. E. 2006. Thermogenic mechanisms and their hormonal regula-
tion. Physiol. Rev. 86:435–464.
Soriani, N., E. Trevisi, and L. Calamari. 2012. Relationships between 
rumination time, metabolic conditions and health status in dairy 
cows during the transition period. J. Anim. Sci. 90:4544–4554.
Streyl, D., C. Sauter-Louis, A. Braunert, D. Lange, F. Weber, and H. 
Zerbe. 2011. Establishment of a standard operating procedure for 
predicting the time of calving in cattle. J. Vet. Sci. 12:177–185.
Wehrend, A., E. Hofmann, K. Failing, and H. Bostedt. 2006. Behav-
iour during the first stage of labour in cattle: influence of parity 
and dystocia. Appl. Anim. Behav. Sci. 100:164–170.
Yang, W. Z., and K. A. Beauchemin. 2006. Effects of physically effec-
tive fiber on chewing activity and rumen pH of dairy cows fed diets 
based on barley silage. J. Dairy Sci. 89:217–228.
